Background: Data in the literature concerning the effects of physical activity on lipid and IGF-1levels are controversial in postmenopausal women. The aim of the present study was to determine the combined effects of a 12 weeks home-based walking program aiming to achieve 10,000 steps daily and a center-based aerobic exercise training on functional capacity, some important cardio-metabolic parameters, IGF-1 level and psychological items among elderly female patients. Sixty female patients (67.4 ± 5 years) with moderate to high cardiovascular risk were randomly assigned either to an exercise training program for 12 weeks or to the control group. Results: Our organized training program resulted in a significantly improved daily physical activity (4232 [IQR: 3162-7219] to 8455 [IQR: 6757-11,488]; p < 0.001 ft-steps), functional capacity (MET) (8.17 ± 1.57 to 8.87 ± 1.76) (p = 0.002), metabolic status including total cholesterol (5.17 ± 1.13 to 4.77 ± 1.12 mmol/l), LDL cholesterol (3.37 ± 1.05 to 2.81 ± 0.98 mmol/l), triglyceride (1.68 ± 0.71 to 1.28 ± 0.71 mmol/l) and HgbA1c (6.24 ± 0.67 to 6.06 ± 0.58 mmol/l), as well as IGF-1 (59.68 ± 27.37 to 66.79 ± 22.74 ng/ml) levels (p < 0.05) in the training group. From psychological tests only physical functionality improved significantly (p = 0.03) in the training group. The training group significantly differed from the control group in four parameters including MET (p = 0.003), LDL-cholesterol (p = 0.046), triglyceride (p = 0.001) and IGF-1 levels (p < 0.001) after the intervention. Conclusion: The applied home-, and-center based training program effectively increased the daily physical activity of the elderly female patients and improved several cardio-metabolic parameters. Further investigations are needed on larger patient population to establish our findings and examine how these positive changes may decrease CV events and mortality.
Background
Regular physical activity (PA) is widely recommended throughout the human lifespan to maintain health and physical fitness [1] [2] [3] . Menopause is a critical state in the life of women generally accompanied by dysregulation in the cardio-metabolic profile resulted from critical changes in body composition such as excessive accumulation of fat at visceral level. Increase of physical activity level could modulate these negative changes both in body composition and cardio-metabolic profile. Elderly women who are physically active possess less risk of functional limitations and a higher health-related quality of life [4, 5] . Furthermore, osteoporosis, sarcopenia, risk of falls [6, 7] , dementia, depression, loss in cognitive function [6] , and the risk of some type of cancers [8] can be reduced by regular PA. Part of the cardio-metabolic health including physical performance, systolic/diastolic blood pressure, resting heart rate, fasting levels of plasma glucose and insulin level, abdominal visceral adipose tissue, weight, BMI, sedentary behavior are also positively influenced by PA in elderly women [3, 6, [9] [10] [11] [12] . However its effect on certain metabolic parameters, such as lipid levels are not unequivocal. Some investigations have proved that PA favorably modifies lipid parameters among elderly women [9, 13] , while others failed to demonstrate significant effect [10, [14] [15] [16] [17] .
Insulin-like growth factor 1 (IGF-1) is a basic peptide composed of 70 amino acids, which is thought to play a central role in metabolism [18] , cancer development [19] , CV diseases [20] and aging [21] . In adults high levels of IGF-1 are associated with increased cancer risk [22] and CV diseases. A population-based study examining the association of different IGF-1 levels with mortality, cardiovascular disease, and cancer in the elderly has found a Ushaped relationship between IGF-1 level and fatal CV diseases, which means that both high and low levels of IGF-1 were associated with increased risk of CV mortality. Significant associations of serum IGF-1 with fatal or non-fatal cancer were not observed in this elderly population [23] . Serum IGF-1 level is declining with age [24] and postmenopausal women generally display even lower levels of IGF-1 compared to elderly men [21] which may in part explains increased CV mortality in postmenopausal women. Low levels of IGF-1 are associated with osteoporosis [25] , disability [26] , neurodegenerative illnesses such as Alzheimer dementia and brain atrophy [27] and increased risk of CVD [28] . The anti-inflammatory and anti-oxidant effects of higher IGF-1 level on blood vessels have also been investigated [29] . The development of impaired glucose tolerance and type 2 diabetes is also more expected in patients with low IGF-1 levels [24, 30] . Regular PA has several health preserving effects and it has been examined previously how it may modulate IGF-1 level. Some investigations have demonstrated positive effect of especially resistance training on IGF-1 levels [31] [32] [33] [34] , while aerobic exercise training had no considerable effect on IGF-1 concentrations [33, 35, 36] .
Elderly women usually do not report only physical but also psychological and social changes during menopause that affect their global and CV health [37] . General psychological-, and emotional well-being, and optimism are related to health promoting behaviors including healthy eating and lifestyle habits and self-care, supporting CV and overall health of elderly patients [38] [39] [40] .
The aim of our study was to investigate whether 12 weeks of an applied home-and center-based physical training program is sufficient to change functional capacity, some important cardio-metabolic parameters, IGF-1 level and psychological items of elderly female patients with moderate to high CV risk.
Methods

Ethics approval and consent to participate
The investigation was approved by the Regional Ethics Committee of the University of Pécs (No. 5829) and was conducted in accordance with the ethical principles stated in the Declaration of Helsinki. A written informed consent was obtained from all subjects.
Patients
Sixty female non-smoker patients with moderate to high CV risk (mean age: 67.4 ± 5 years) were enrolled into our study (Table 1) . Patients were recruited either from primary care or from internal medicine and cardiology outpatient care by different physicians. They voluntarily agreed to participate in the study and then were randomly assigned either to the CV preventive training program or to the control group. Participants in both groups met the following inclusion criteria: ejection fraction (EF) ≥55% and metabolic equivalent (MET) ≥5. Exclusion criteria were the following: previous CV events, heart failure, inducible myocardial ischemia and arrhythmias on an exercise stress test. Medication and drug therapy were not modified during the study in either groups ( Table 2 ). It was also suggested to the control group not to change their usual physical activity level in the next 12 weeks.
Study design
At baseline patients were examined using electrocardiography (ECG) and echocardiography to exclude unknown cardiac problems that could limit their ability to exercise. Then they were tested on treadmill according to the Bruce protocol to assess functional capacity. The intensity of the training was defined as 50-70% of the peak maximal oxygen consumption (VO2max), starting at 50% and gradually increased to 70%. Metabolic laboratory such as fasting glucose, hemoglobin A1c (HgbA1c), total cholesterol (TC), low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, triglyceride (TG), IGF-1 measurements and SF-36 (36-Item Short Form Survey) Questionnaire were performed. Upon reaching week 12, all tests were repeated, with the exception of echocardiography.
Home-based walking program
A daily walking program was implemented, which could be performed in a 10-15 min workout and could be completed by the patients solely on their own. For appropriate estimation of the daily walking program our patients were asked to wear a personalized activity tracker on their wrist [41] . These trackers did not only registered the daily footsteps but also motivated our elderly women to achieve the daily activity goal of 10,000 footsteps based on health expert's recommendation [42, 43] .
Aerobic exercise training program
The aerobic exercise training program began with warm-up exercises (breathing exercises and stretching of the large joints) for 5-10 min three times weekly. In the second phase, patients participated in a moderate-intensity training. The training involved static (exercises with a medicine ball, half-squats, toe raises and body flexions) and dynamic (walking, jogging, ball games e.g., basketball, football) exercise elements. The intensity of the training was defined as 50-70% of the peak maximal oxygen consumption (VO 2 max), starting at 50% and gradually increased to 70%. The aerobic phase lasted 35-40 min. Finally, relaxation exercises were performed (stretching and breathing exercises) for 10 min. The exercise training was supervised by a cardiologist and conducted by a physiotherapist. Pulse and blood pressure were taken prior to, during (20 min after starting the training) and at the end of the training period.
Blood collecting
At baseline and after 12 weeks, blood samples were obtained from the antecubital vein in both groups. The blood was collected into one clot activator-coated and gel-containing (5 ml), one potassium EDTA-coated (3 ml) and one sodium fluoride and potassium oxalatecoated (2 ml) Vacutainer tubes were sent for laboratory measurements and one potassium EDTA-coated (3 ml) Vacutainer tube was sent for IGF-1 measurements.
IGF-1measurements
IGF-1 levels were measured using Human IGF-1 Quantikine ELISA Kit (R&D Systems; Cat. No.: RD-DG100). EDTA-plasma samples were collected from patients at the beginning and after the 12th week, the samples were stored at − 74°C until performing the assay. The assay employs a quantitative sandwich immunoassay technique. The IGF-1 assay protocol was carried out according to the manufacturer's instructions.
Psychological surveys SF-36 Questionnaire was applied to examine the psychological effects of the 12 week home -and center based training program on the perception of health. It is a selfadministered questionnaire measuring health over 8 dimensions (vitality, physical functioning, bodily pain, general health perceptions, physical role functioning, emotional role functioning, social role functioning, mental health). Both the training-and the control group rate their health status on a scale from 0 (worst health) to 100 (best health).
Statistical analysis
A sample size and power analysis was performed for the overall population using PASS software. For the sample size of n = 28 patients (1:1 enrollment ratio of interventional and control group) needed to detect a true difference of d = 2 in MET levels with 95% power, where type I error probability is α = 0.05. Statistical analysis was performed using the IBM SPSS statistical software version 23. Data were shown as mean ± standard deviation (SD). Significance level was defined as p < 0.05. To check differences in the interventional and in the control group we performed dependent-t test. For testing how the two groups varied in time the interaction of time x group effect was applied. The normality was analyzed by Kolmogorov-Smirnov test. All the studied parameters in both groups showed no significant deviation from a normal distribution (p > 0,05; df:56). The nonparametric Wilcoxon Rank test was applied to analyze potential changes in psychological functioning and in the number of foot-steps, since these were ordinal variables. Data were shown as median and IQR.
Results -within groups
Home-based walking and center based physical training program increased patients' exercise capacity and improved metabolic parameters RAAS renin-angiotensin-aldosterone system patients (p < 0.001). We did not register any adverse events during the trial. The combined home-based and center based physical training program improved exercise capacity, described by the significantly increased metabolic equivalent (MET) in the training group (p = 0.002) (Fig. 1) . Exercise capacity did not change in the control group. Total cholesterol, LDL cholesterol, TG, and HgbA1c level indicated a significant decrease during the investigated period (p < 0.05), the other measured laboratory parameters did not show significant changes in the training group (Table 3) . None of the laboratory parameters changed in the control group.
Body weight (BW) and body mass index (BMI) differed neither in the training group, nor in the control group after 12 weeks (data are not shown).
Home-based walking and center-based physical training program increased IGF-1 level Serum IGF-1 significantly increased after 12 weeks in the training group (Table 3) , while it decreased in the control group (p < 0.05).
Home-based walking and center-based physical training program increased patients' physical functioning
Participants of the training group reported significantly fewer limitations in their everyday physical functioning (p < 0.05), however in the other examined psychological items no significant change could be observed following the training program (data are not shown). Participants in the control group did not report any changes in their psychological conditions (data are not shown).
Results -between groups
Home-based walking and center-based physical training program increased patients' exercise capacity and IGF-1 level, and improved lipid parameters
The interaction of time x group effect revealed, that the training group significantly differed from the control group in four parameters including MET (p = 0.003) (Fig. 2a) , LDL-cholesterol (p = 0.046) (Fig. 2b) , triglyceride (p = 0.001) (Fig. 2c) and IGF-1 levels (p < 0.001) (Fig. 2d) after the intervention.
The training group did not differ from the control group in the other investigated cardio-metabolic parameters (total-cholesterol-, HDL-cholesterol-, and HgbA1c level) after the training program (data are not shown).
Home-based walking and center-based physical training program and psychological status
Psychological testing did not show significant differences between the training group and the control group (data are not shown).
Discussion
In our present study we investigated the effects of a home-, and center based physical training program on functional capacity, metabolic laboratory, IGF-1 levels and psychological parameters in elderly female patients with moderate to high CV risk. The organized training program resulted in a significantly improved functional capacity, metabolic status including LDL cholesterol, triglyceride, HgbA1c and IGF-1 level, and physical functionality.
Maintenance of a physically active lifestyle is a great challenge especially for the elderly population [4] and women are less likely to adhere physical training programs compared to men [44] . We assumed that a combined, homebased walking and a center based training program fits well to the everyday life of the elderly ladies, and a center-based exercise program led by a physiotherapist might be effective and enjoyable for this special patient population. Walking is a low cost and easy way of PA for the elderly [45] . Most of the studies reported that the normal daily activity of healthy adults is only 4000 to 6000 steps [46, 47] and in older women it is even lower [48, 49] . Although in our study the elderly female patients could not completely fulfill the daily target of 10,000 steps, still the achieved significant improvement in daily PA (4232 [IQR: 3162-7219] to 8455 [IQR: 6757-11,488] footsteps) is a great performance taking into accounts their age and co-morbidities.
After 12 weeks of the home-and center-based physical training program, we could demonstrate an average of 0.7 MET improvement in functional capacity (8.17 ± 1.57 to 8.87 ± 1.76). According to data in the literature an increase by 1 MET in cardiorespiratory fitness could reduce the risk of all causes and CV mortality by 13 and 15%, respectively [50] . Furthermore, the training group significantly differed from the control group in MET level after the intervention, suggesting that the training program significantly improved the functional capacity of our elderly female patients.
In our study we observed a significant decrease in the total cholesterol as well as in LDL cholesterol and TG levels in the training group, while in the control group no change could be observed in the metabolic parameters. In addition, the training group significantly differed from the control group in LDL cholesterol and triglyceride levels after the training program, referring that the observed favorable changes are due to the home-and center-based training program. Data in the literature regarding the effects of PA on lipid levels in general populations and also in elderly females is controversial. Examining the reasons behind this phenomenon we found some interesting observations. Fonong et al. reported that 2 months regular leisure time activity in elderly woman and men is too short to induce changes in body composition and plasma lipid levels [16] . Nieman et al. could not demonstrate changes in HDL-cholesterol after 12 weeks cardiorespiratory exercise in previously sedentary elderly women. They indicated that women tend to have higher HDL-cholesterol level than men, furthermore it is harder to increase the already higher HDL-cholesterol level, and PA mostly has more favorable effects on young or middle aged than elderly women [17] . Di Blasio et al. failed to report improvement in lipid levels after 13 week moderate intensity exercise program among postmenopausal women. They observed a decrease in spontaneous daily PA during the training program which may negatively affected the efficiency of the program [10] . On the other hand, Fahlman et al. demonstrated favorable changes in plasma lipoprotein profile after 10 weeks endurance or resistance training among elderly women, although LDL-cholesterol level decreased significantly only in the resistance training group [13] . Kemmler et al. reported decreased plasma lipid levels after 26 months intense exercise program among postmenopausal women [9] . Examining our and the above described different training programs we may realize that those physical training programs were able to induce significant changes in lipid levels in elderly females which either contained resistance training [13] or was intense and long enough [9] or could effectively increase the daily physical activity level, like the present home-and center-based exercise program. It was previously demonstrated that regular PA improves plasma glucose level as well as plasma insulin concentration [10, 11, 51] . In accordance with previous studies following the home-and center-based training program HgbA1c significantly decreased among our elderly female patients, contributing significantly to the positive metabolic effects of PA. In the control group no change could be observed in the HgbA1C level.
At baseline low levels of IGF-1 were measured in our study (Table 3 ). In the training group significant increase in IGF-1 levels could be observed but still remained below the average level of healthy middle-aged female adults [52] . Moreover, the training group differed significantly from the control group in IGF-1 levels after the intervention, suggesting that the home-and centerbased training program caused the beneficial changes in the IGF-1 levels. It is known that IGF-1 level markedly declines with aging which is also referred to as somatopause and this could be more robust around the time of menopause [53, 54] . It has been previously proved that resistance training improved IGF-1 levels in healthy adults [31] , elderly males [32] , patients with sarcopenic obesity [33] , and also in postmenopausal women [34] . No association has been previously reported between aerobic PA levels and IGF-1 concentrations in postmenopausal women [33, 35, 36] . However, in a large crosssectional study the effect of physical activity on hormone levels were examined among the postmenopausal women, a more intense PA estimated by the Cambridge Index was associated with higher IGF-1 concentrations [55] . Based on previous results and our findings it seems that in the case of aerobic exercise training a more intensive PA level is needed to change IGF-1 level. The decrease in IGF-1 levels in the control group may be due to the lack of regular PA.
Besides objective measurements SF36 questionnaire was applied in our study to measure the psychological well-being of our elderly female patients. The physical functionality, which is the patients' subjective judgement of their physical state has been improved after our home-, and center-based training program, meaning they have experienced fewer limitations during their everyday physical tasks, like shopping, walking or bathing. This better physical functionality was in accordance with the improved functional capacity measured by treadmill. However, no significant improvement could be measured in other examined psychological parameters. A longer follow up period may be necessary for achieving significant changes in other psychological parameters. A previous study examining 6 month exercise training in postmenopausal women attenuated the unfavorable psychological changes associated with menopause [56] .
Our study indicated, that elderly women with moderate to high CV risk were able to achieve the level of physical activity necessary to result in favorable changes in cardio-metabolic profile and IGF-1 level. The subjective perception of their physical performance has also changed positively.
Study limitation
Participating in an exercise intervention cannot be blinded which means a general limitation in these types of investigations. Moreover our study group was relatively small, so further measurements with a larger population are needed to substantiate our findings.
Conclusion
The present study demonstrated a significant improvement in several cardio-metabolic parameters such as functional capacity, physical functioning, total as well as LDL cholesterol, TG, HgbA1c and IGF-1 levels of elderly female patients with moderate to high CV risk after 12 weeks of home-and center-based training program.
Achieving significant changes in IGF-1 and lipid levels by a physical training program seems to be more difficult than in the case of other cardio-metabolic parameters. According to our findings and data in the literature in order to improve IGF-1 level and lipid parameters in elderly women physical training programs should either contain resistance training elements or be intensive enough or effectively increase the daily physical activity level. 
